Abstract. The present study was designed to characterize the neurogenic contraction of rat radial artery. Electrical field stimulation (EFS) evoked frequency-dependent contraction that was abolished by tetrodotoxin (neuronal Na + channel blocker), guanethidine (sympathetic neuron blocker), or phentolamine (α-adrenoceptor blocker). The α 1 -adrenoceptor antagonist prazosin inhibited endothelium-independent contractions to EFS, noradrenaline (NA), and the α 1 -adrenoceptor agonist phenylephrine. Rauwolscine, an α 2 -adrenoceptor antagonist, augmented nerve-mediated contractions and reduced sensitivity to NA and the α 2 -adrenoceptor agonist BHT-920. The β-adrenoceptor antagonist propranolol diminished EFS-elicited contractions, while sensitivity to NA was enhanced by propranolol. Relaxations evoked by isoproterenol, a β-adrenoceptor agonist, were abolished by propranolol. N G -Nitro-L-arginine (L-NOARG), a nitric oxide (NO) synthase inhibitor, increased both nerve-mediated and NA-induced responses in endothelium-intact, but not in endothelium-denuded arteries. Moreover, endothelium-dependent responses to BHT-920 and isoproterenol were modified by L-NOARG. Tetraethylammonium (TEA) or 4-amynopyridine, the Ca 2+ -activated (K Ca ) or voltage-dependent K + (K V ) channel blockers, respectively, enhanced the neurogenic contractions observed. TEA but not 4-amynopyridine increased NA-induced contractions. The ATP-sensitive K + (K ATP )-channel blocker glibenclamide failed to modify adrenergic contractions. Blockade of capsaicin-sensitive primary afferents increased EFS-induced contractions. In conclusion, adrenergic contractions are predominantly mediated by muscular α 1 -adrenoceptors, while endothelial α 2 -and β-adrenoceptors play a minor role. Presynaptic α 2 -and β-adrenoceptors cannot be precluded. Noradrenergic neurotransmission in rat radial artery seems to be modulated by both stimulation of endothelial NO, K Ca , and K V channels and sensory C-fiber activation.
Introduction
Peripheral blood vessel tone is controlled by the opposing effects of autonomic nerves and the vascular endothelium. When vascular adrenergic nerve endings are stimulated, peripheral vascular tone is enhanced mainly through the actions of released noradrenaline (NA). Sympathetic nerves synthesize and release not only NA but also neuropeptide Y and adenosine 5'-triphosphate (ATP) (1, 2) . Released NA can either induce a contraction response via α-adrenoceptor activation or may activate β-adrenoceptors to relax blood vessels (3) . The relative importance of the different adrenergic receptor subtypes in regulating peripheral resistance and systemic arterial blood pressure, and their contribution to vasoconstriction vary according to the species in question and the particular vascular bed (4 -7) .
In addition to the sympathetic nervous system, the blood vessel endothelium also plays an important role in vascular control. Among the many mediators released by the endothelium, one of the most important is nitric oxide (NO). NO relaxes smooth muscle cells by activating soluble guanylyl cyclase and consequently increas-ing intracellular levels of guanosine-3'-5'-cyclic monophosphate (cGMP) (8) . However, NO may also activate cGMP-independent mechanisms that lead to vasodilatation such as the opening of potassium channels (9) . In addition to its direct effects on the vasculature, NO derived either from the endothelium or from nerve terminals also modulates adrenergic neurotransmission (10 -12) . It is well recognized that K + -channel opening in smooth muscle cells causes membrane hyperpolarization, which reduces the likelihood of dihydropyridinesensitive voltage-dependent Ca
2+
-channel opening and decreases cytosolic Ca 2+ concentrations, leading to smooth muscle cell relaxation. Opening of K + channels inhibits the release of NA from adrenergic nerve terminals (13 -14) or modulates the action of the noradrenergic neurotransmission rather than the release of the neurotransmitter itself (15) .
Peripheral sympathetic nerve activity may be also modulated by sensory nerves. The wide distribution of capsaicin-sensitive sensory nerves in the cardiovascular system has been well established (16) . These nerves are found at the adventitial and boundary between the adventitial and medial layers of blood vessels and are activated by a variety of chemical and mechanical stimuli that challenge homeostasis (17) . Perivascular sensory nerves contain and release a variety of neurotransmitters, including the neuropeptides substance P, calcitonin gene-related peptide, and ATP. Sympathetic neurotransmitters are best known for their vasoconstrictor effects, but these can be reduced by the relaxing effects of sensory nerve transmitters (18) .
In human clinical practice, after the internal mammary artery (IMA), the radial artery is the arterial segment of choice for coronary artery bypass grafting (19) . This has meant that the effects of different vasoactive substances have been extensively studied in human radial segments. As a muscular artery, in humans the radial artery exhibits an intense contraction effect in response to KCl, serotonin, thromboxane A 2 , angiotensin II, NA, endothelin, and vasopressin (20 -23) . In effect, the radial artery shows greater receptor-mediated contractility compared to the IMA and human radial artery is an α-adrenoceptor dominant artery with weak β-adrenoceptor function (21, 24) . Moreover, several studies have reported the variable influence of the intact endothelium on the response shown by human radial artery compared to IMA, and the results obtained so far have been conflicting. Other studies suggest that the endothelial function of radial artery is similar to that of the IMA (25, 26) . However, other investigators have reported differences in endothelium-derived NO release and hyperpolarizing factor in the IMA and radial artery (27, 28 This has led researchers to look for experimental models for functional experiments in an attempt to avoid the detrimental impact of these cardiovascular risk factors on vasoreactivity. Recently, we addressed the neurogenic contractions produced in porcine radial artery using a combined histological/functional approach (4). The present study was designed to examine the contractility evoked by electrical field stimulation (EFS) and by exogenous NA in preparations of rat radial artery. We explored the possible contribution of different adrenoceptors subtypes and assessed whether sensory nerves, NO, and K + channels play a role in the vasoconstrictor neurogenic response of this artery.
Materials and Methods

Vascular preparations and measurement of tension
The study was conducted according to the National Guide for the Care and the Use of Laboratory Animals. Radial arteries were isolated from male Wistar rats (14 -16-week-old) by dissecting away from surrounding fatty tissue under a stereomicroscope (SMZ 2B; Nikon, Tokyo). The tissue was placed in cold (4°C) physiological saline solution (PSS).
The arteries were cut into rings (2 mm in length) and were mounted on a wire myograph (Danish Myotechnology, Aarhus, Denmark) on two 40-μm steel wires, which were attached to a force transducer and a micrometer. Vessel rings were bathed in PSS: 119 mM NaCl, 4.7 mM KCl, 1.5 mM CaCl 2 , 1.2 mM MgSO 4 , 25 mM NaHCO 3 , 11 mM glucose, 1.2 mM KH 2 PO 4 , and 0.027 mM ethylene-diaminetetraacetic acid (EDTA), maintained at 37°C, and aerated with a mixture of 95% O 2 and 5% CO 2 to keep the pH at 7.4.
The preparations were allowed to equilibrate for about 30 min in PSS and washed with (37°C) PSS at 15-min intervals. After this equilibration period, each ring was stretched at 1-min intervals to determine the relationship between passive wall tension and internal circumference (L). We also calculated the internal circumference, L 100 , corresponding to a transmural pressure of 100 mmHg in a relaxed vessel. Subsequently, the internal circumference of the vessels were set at L 1 , where L 1 = 0.9 × L 100 , since force development is close to maximal at this internal circumference. Isometric tension was recorded and displayed using a Powerlab and Chart v5 (both from ADInstruments, Hastings, UK). Under these conditions, mean diameters of 350 ± 8.5 μm were obtained in response to a force of 4.9 ± 0.3 mN (n = 20).
Functional studies
The contractile capacity of the preparations was tested by exposing the rings to a 124 mM potassium-enriched solution (K-PSS). K-PSS was identical to PSS except that NaCl was replaced with KCl on an equimolar basis. The functional integrity of the endothelium was routinely confirmed by the observation of relaxation in response to acetylcholine (10 −6 -3 × 10 −6 M) in segments contracted with NA (10 −6 M). The endothelium of some rings was mechanically removed by rubbing the inner surface of the vessel carefully with a human hair. The effectiveness of this procedure was assessed by the lack of relaxation elicited by acetylcholine in NA-contracted arteries.
For EFS, platinum electrodes were secured in plastic mounting heads. The electrodes were connected to an electrical stimulator (CS20; Cibertec, Barcelona, Spain) with a constant current output adjusted to 50 mA. To examine the influence of drugs on neurogenic contractions, the preparations were incubated with propranolol (3 × 10 −6 M) to inhibit β-adrenoceptors except in the experiments examining the effect of this antagonist. In preliminary experiments, EFS was conducted in the presence of tetrodotoxin (10 −6 M) to ensure the neurogenic origin of the responses. Blockade of capsaicinsensitive primary afferents was achieved by incubating preparations with 10 −5 M capsaicin for 1 h, washing every 20 min, with this drug being present in the bath during the experiment.
A frequency-response curve (0.5 -32 Hz, 0.2-ms pulse width, 20-s train duration) and a concentrationresponse curve for NA (10 −9 -3 × 10 −5 M) was constructed on basal tone of preparations. The preparations were treated with guanethidine (10 −5 M), an inhibitor of postganglionic sympathetic nerve transmission; phentolamine (10 −5 M), an α-adrenoceptor antagonist; prazosin (10 −7 M), an α 1 -adrenergic receptor antagonist; or rauwolscine (2 × 10 −7 M), a α 2 -adrenergic receptor antagonist; and a second frequency-response curve was constructed. The medium in the bath was changed several times and the vessels allowed to equilibrate before the effects of the different treatments on neurogenic response were examined. In addition, the effect of the different adrenoceptor antagonists was tested against phenylephrine (α 1 -adrenoceptor agonist), BHT-920 (α 2 -adrenoceptor agonist), and isoproterenol (β-adrenoceptor agonist).
The preparations were also incubated with L-NOARG (10 −4 M) to inhibit NO synthase and a second frequencyresponse or agonist curve was constructed. The type of potassium channel was determined using blockers of Ca
The arterial segments were treated for 30 min with blocking agents after obtaining reproducible responses to EFS or the agonists.
Drugs
Acetylcholine hydrochloride, 4-aminopyridine, BHT-920, capsaicin, glibenclamide, guanethidine sulphate,
hydrochloride, phentolamine hydrochloride, phenylephrine, prazosin, propranolol hydrochloride, rauwolscine, tetrodotoxin, and TEA hydrochloride were from Sigma (St. Louis, MO, USA). Stock solutions of capsaicin and glibenclamide were made up in dimethyl sulphoxide (DMSO). The final concentrations of DMSO in the bath when using capsaicin and glibenclamide were 0.1% (V/V) and 0.01% (V/V), respectively. Preliminary experiments revealed no effects of the solvent used on the preparations. All other drugs were dissolved in distilled water. Stock solutions of drugs were stored at −20°C and fresh dilutions were made daily.
Data analyses
Effects observed in preparations at basal tone are expressed as a percentage of the contractile response to 124 mM K-PSS shown by each vessel. Relaxant responses are given as percentages of the preconstriction level just before the addition of the agonist. E max refers to the maximum response achieved.
The mechanical responses of the vessels were measured as force and expressed as active wall tension, ΔT, which is the increase in measured force, ΔF, divided by twice the segment length. Sensitivity to agonists is expressed as pEC 50 = −log (EC 50 ) with EC 50 (M) representing the concentration of agonist required to achieve half-maximal response. Results are expressed as means ± S.E.M. of n rats. Statistical differences between means were determined by the Student's t-test for paired or unpaired observations as appropriate. A P value less than 5% (P<0.05) was taken to denote a significant difference.
Results
Vascular responses induced by EFS at resting tension
EFS at resting tension caused frequency-dependent (0.5 -32 Hz) responses with maximum contractions of 81.7 ± 3.9% (n = 20) of the response to K-PSS (15.9 ± 0.7 mN). These contractions were practically abolished by the neuronal voltage-gated Na + -channel inhibitor tetrodotoxin (10 −6 M) (Fig. 1) .
Effect of adrenoceptor antagonists on vascular responses to EFS
Treatment of the tissues with the selective adrenergic neuronal blocker guanethidine (10 −5 M) greatly reduced the contractions induced by EFS ( Fig. 2A) , indicating that these responses were nerve-mediated and sympathetic in origin. Similarly, the α-adrenoceptor antagonist phentolamine (10 −5 M) caused significant intense inhibition of the EFS-evoked contractions (Fig. 2B) . Thus, 32-Hz EFS evoked contractions of 13.02 ± 8.0% (n = 6) and 17.7 ± 3.8% (n = 6) in the presence of guanethidine and phentolamine, respectively.
The α 1 -adrenergic receptor antagonist prazosin (10 −7 M) markedly inhibited neurogenic contractions, while incubation with the selective α 2 -adrenoceptor antagonist rauwolscine (2 × 10 −7 M) enhanced contractions elicited by EFS in rat radial arteries (Fig. 2: C and D). Incubation with the β-adrenoceptor antagonist propranolol (3 × 10 −6 M) reduced EFS-elicited contraction at the highest frequencies (Fig. 2E) .
Effects of endothelial cell removal, inhibition of NO synthase, and K + -channel blockers on vascular responses to EFS Mechanical endothelium removal did not affect nervemediated contractile responses. However, in endothelium-intact radial arteries, EFS-evoked contractions were enhanced at low frequencies in arteries incubated with the NO synthase inhibitor L-NOARG (10 −4 M) (Fig. 3A) , while this inhibitor did not modify the responses to EFS in endothelium-denuded segments (Fig. 3B ). L-NOARG was not found to affect basal tension in endothelium-intact specimens of radial artery (n = 18).
To avoid possible interference with endothelial NO release, the next set of experiments was performed in endothelium-denuded rings. In these conditions, the K Ca -channel blocker TEA (10 −3 M) caused pronounced enhancement of the neurogenic contractions induced by EFS (Fig. 4A) . 4-Aminopyridine, a K V channel blocker, induced a significant increase at the lowest frequencies in contractions produced by nerve stimulation (Fig. 4B) . However, the K ATP channel blocker glibenclamide (10 −6 M) did not alter the contractions elicited by EFS (Fig. 4C) . Incubation with TEA and 4-aminopyridine increased basal tone by 16.0 ± 3.3% and 4.1 ± 0.9% (n = 8) expressed as a percentage of K-PSS contraction, respectively. This response was independent of their excitatory effects on electrically evoked contractions of rat radial artery.
Effect of blockade of capsaicin-sensitive primary afferents on vascular responses to EFS
The role of sensory innervation in the vasoconstrictor response observed was assessed using capsaicin in endothelium-denuded segments. Blockade of capsaicinsensitive primary afferents with capsaicin (10 −5 M) significantly increased contractions induced by EFS (Fig. 5) .
Vascular responses to adrenergic agonists and antagonists NA (10 −9 -3 × 10 −5 M) induced concentration-dependent contractions in the arterial rings, with a pEC 50 = 5.78 ± 0.07 and maximum effect of 124.1 ± 2.7% (n = 20). Prazosin (10 −7 M) displaced the concentrationresponse curve to NA to the right (Fig. 6A, Table 1 ). Rauwolscine (2 × 10 −7 M) significantly reduced sensitivity to NA but did not change the maximum response (Fig. 6B, Table 1 ). In the presence of propranolol (3 × 10 −6 M), sensitivity to NA was significantly increased without affecting the maximum response (Fig. 6C, Table 1 ).
Phenylephrine (10 −9 -10 −4 M), an α 1 -adrenoceptor agonist, induced concentration-dependent contractions that were inhibited by prazosin (Table 1) . BHT-920 (10 −9 -10 −4 M), an α 2 -adrenoceptor agonist, evoked contractions that were reduced by rauwolscine (Table 1) . Relaxations elicited by the β-adrenoceptor agonist isoproterenol (10 −9 -3 × 10 −6 M) were abolished by propranolol ( Table 1) .
Effects of endothelial cell removal, inhibition of NO synthase, and K + channel-blockers on vascular responses to adrenergic agonists Endothelium cell removal did not modify the concentration-response curve to NA (pEC 50 = 5.88 ± 0.08, E max = 126.2 ± 3.4% in endothelium-intact arteries; pEC 50 = 5.76 ± 0.07, E max = 133.1 ± 3.4 % in endothelium-denuded arteries; n = 10) and phenylephrine (pEC 50 = 5.94 ± 0.22, E max = 126.9 ± 6.6% in endothelium-intact arteries; pEC 50 = 6.07 ± 0.17, E max = 128.3 ± 8.7% in endothelium-denuded arteries; n = 8) (Fig. 7: A and B) .
In endothelium-intact radial artery rings, L-NOARG (10 −4 M) caused a leftward shift in the concentrationresponse curves for NA and pronounced enhancement of the maximal contraction (Fig. 7C, Table 2 ). In contrast, the presence of the NO synthase inhibitor did not change the concentration-response curves to NA in endothelium-denuded segments (Fig. 7D, Table 2 ).
However, BHT-920-induced contractions or isoproterenol-evoked relaxations were abolished by mechanical removal of the endothelium (Fig. 7: E and F) . In addition, the contractions evoked by BHT-920 were augmented by L-NOARG, while relaxations induced by isoproterenol were practically abolished by this inhibitor (Fig. 7 : E and F, Table 2 ).
In preparations of vessels bearing the endothelium, incubation with TEA shifted the concentration-response curve to NA leftwards but did not modify the maximum effect (Table 3 ). In contrast, NA-produced contractile responses were unaffected by either 4-aminopyridine or glibenclamide (Table 3 ). In endothelium-denuded arteries, TEA also increased the sensitivity of the vessels, and 4-aminopyridine and glibenclamide caused no significant changes in adrenergic contraction (Fig. 8) .
Discussion
The rat radial artery is sensitive to vasoconstriction by NA and its sympathetic nerve-mediated response exhibits noradrenergic-and capsaicin-sensitive transmission. NA released during EFS acts mainly on postjunctional α 1 -adrenoceptors in smooth muscle cells while postjunctional α 2 -adrenoceptors and β-adrenoceptors, both located in the endothelium, play a minor role. Our findings also suggest the possible presence of prejunctional α 2 -and β-adrenoceptors modulating NA release. Moreover, the marked contraction of radial arteries in response to EFS is modulated by endothelial NO release, both K Ca and K V channels, and the activation of sensory C fibers. Also, contraction provoked by exogenous NA shows evidence of a coincidental increase achieved through NO and K Ca -channel responses to nerve stimulation.
It is widely accepted that the peripheral vessel wall is densely innervated with sympathetic nerve fibers (31) . However, we observed differences in control neurogenic contractions, both in endothelium intact and denuded rat radial arteries, which may be attributed to individual variations in the distribution of perivascular nerve endings (13) .
In the present study, the neurogenic contraction seems to be mediated to a large extent by the release of NA acting through α-adrenoceptors. This notion was confirmed by the observation that both guanethidine, a sympathetic neuron blocker, and phentolamine, an antagonist of α-adrenoceptor, practically abolished the contractile response to EFS. α 1 -Adrenergic receptors play an important role in the regulation of physiological responses mediated by NA, particularly in the cardiovascular system. Previous studies have indicated that the α 1 -adrenoceptor is the main receptor subtype in the pig and human radial artery (4, 24) . Here we show that the contractile response in rat radial artery is predominantly mediated by postjunctional α 1 -adrenoceptors since prazosin markedly inhibited the response to EFS, NA, and phenylephrine. Inhibition of neurogenic contractions by prazosin has also been reported in other nerve-stimulated vascular preparations such as rat femoral resistance arteries (7) and pig prostatic small arteries (32) .
At the prejunctional level, α 2 -adrenoceptors have been found in vitro in every vascular tissue (arteries and veins), where they negatively mediate NA release (3). The present findings indicate the presence of inhibitory prejunctional α 2 -adrenoceptors since rauwolscine potentiated the EFS responses, consistent with previous results obtained in the pig prostatic small arteries (32) and rat tail artery (33) .
Other studies indicate that the predominant effects of α 2 -adrenoceptors in human gastroepiploic arteries are postjunctional (34) . Indeed, our data obtained using exogenous NA and BHT-920 also suggest the presence of postjunctional α 2 -adrenoceptors, which was further supported by the inhibitory effect of rauwolscine against both agonists.
Evidence exists in the rat tail artery and mesenteric artery that prejunctional β-adrenoceptors mediate the facilitation of NA release (35, 36) . In our study, the fact that propranolol reduced contractions evoked by EFS at the highest frequencies cannot preclude β-adrenoceptors modulating NA release.
In future studies, it remains to be clarified whether this inhibitory and facilitatory effect is related to the presence of presynaptic α 2 -and β-adrenoceptors, respectively, and whether they participate in this contraction.
Postjunctional β-adrenoceptors have been shown to mediate relaxation in a variety of peripheral smooth muscle tissues (3). The fact that the β-adrenoceptor antagonist propranolol enhanced the contractions produced in response to NA and abolished the relaxations evoked by the β-adrenoceptor agonist isoproterenol suggests the presence of functional postjunctional β-adrenoceptors that contribute to vasodilation in rat radial artery.
The ability of NO synthase inhibition to increase the contractile response to nerve stimulation and exogenous NA in radial segments may be explained by active NO modulation in sympathetic vasoconstriction. In agreement with our results, neurogenic NO has been shown to modulate adrenergic contractions at low frequencies in horse penile small arteries (6). However, enhancement of adrenergic contraction seems to require the presence of an intact endothelial cell layer since L-NOARG did not affect the contraction of endotheliumdenuded radial arteries. In line with the present results, endothelial-derived NO attenuates adrenergic vasoconstriction in human gastroepiploic arteries and penile veins (10, 11) . Thus, neuronal NO is not likely to be involved in this potentiation. A possible explanation for this phenomenon is the presence of two opposing vasoconstrictor and vasodilator receptors as demonstrated here by the effects of α 2 -and β-adrenoceptor agonists. The responses to exogenously added α 2 -and β-adrenoceptor agonists were abolished by endothelium removal and modified by L-NOARG, indicating the endothelial location of both adrenergic receptor types and that NO released from the vessel wall modulates agonist responses. Both adrenergic agonists share the NO pathway, explaining the pronounced enhancement of adrenergic contraction induced by L-NOARG (37) . Endothelium removal would be expected to increase adrenergic contractions. However, mechanical removal of the endothelium had no effect on the contractions produced in response to EFS and to exogenous NA. Thus there could be an unidentified endotheliumdependent contractile factor that offsets the vasodilatory NO effect to recover the response. The influence of K + -channel blockade on adrenergic responses in blood vessels is less well understood. Abnormal K + channel function may lead to increased contraction or reduce the ability of these arteries to dilate. In our study, TEA markedly potentiated EFSelicited contraction and also modified the concentrationresponse curves for contraction in response to exogenously applied NA. These observations strongly suggest that TEA acts on the radial artery's smooth muscle rather than on its sympathetic nerve terminals to enhance the release of NA. Similar observations have been recently described in human saphenous vein (15) . In contrast, EFS-elicited contraction of pig radial artery suggests a presynaptic location of K Ca channels since TEA failed to affect the response to exogenous NA (4).
4-Aminopyridine, a known inhibitor of K V channels, is able to increase the basal tone of different types of blood vessel preparations. Release of NA from perivascular nerve endings and the consequent increased arterial tone produced by 4-aminopyridine have been demonstrated in isolated rabbit ear artery and canine saphenous vein (38, 39) . In our study, K V blockade with 4-aminopyridine produced an increase in the EFScontraction that was statistically significant only at low frequencies; this fact together with the lack of such influence versus exogenous NA may confirm the presynaptic location of K V . This is consistent with previous results in the pig radial artery (4) . A possible link between endothelial NO and K V was ruled out because the experiments using K + -channel blockers were performed in endothelium-denuded segments.
K ATP -channel openers attenuate vasoconstriction in response to α 1 -adrenoceptor activation (40) and induce relaxation in human radial arteries (41) or inhibit EFSevoked contraction in human IMA and saphenous vein (42) . However, the lack of an effect of glibenclamide observed here suggests that K ATP channels are not involved in adrenergic contractions. These findings are in agreement with those reported in pig radial artery (4) .
Release of sympathetic neurotransmitters in vascular preparations can be modulated not only by endotheliumderived relaxing factors but also by other transmitters released from sensory nerve fibers (43) . Repeated capsaicin challenges have been reported to deplete a Glibenclamide (10 −6 M) 5 5.57 ± 0.14 117.2 ± 6.5
Results are expressed as the mean ± S.E.M. of n rats. **P<0.01 vs. before drug treatment according to the Student's paired t-test.
number of neurotransmitters in several animal models (44) . Capsaicin-sensitive sensory C fibers are a heterogeneous population and their nerve-ending contents vary from one vascular bed to another (17) . It is likely that not a single transmitter, but rather a combination of transmitters is released (43) . Our data reveal that capsaicin, a neurotoxin selective for sensory C-fibers, significantly enhances neurogenic contractions at a wide range of frequencies in the rat radial artery. This could indirectly suggest the release of relaxing transmitters from local sensory nerve endings. Although the identity of the sensory mediators involved remains to be determined, we suggest that sensory nerve activation could attenuate the adrenergic contractility of the radial artery (45) .
Previous studies have suggested that enhanced EFS contractions by NO synthase inhibition are produced in response to low frequency stimulation, while this enhancement induced by high frequency stimulation might be ascribed to other vasodilatory neurotransmitters (6, 17, 46) . One possible explanation could be the involvement of endogenous peptides released from sensory nerves, as could be suspected from the capsaicin effect observed in the present study. Further experimental work is needed to identify the sensory neurotransmitters involved in the neural control of vascular tone in the rat radial artery.
In conclusion, our findings suggest that neurogenic vasoconstriction in the rat radial artery is mainly mediated by muscular α 1 -adrenoceptors, while activation of postjunctional α 2 -adrenoceptors and β-adrenoceptors, both located in endothelium, play a minor role. Prejunctional α 2 -and β-adrenoceptors could also modulate adrenergic contractions inhibiting and stimulating NA release, respectively. Since peripheral vessels are subject to the constant tone produced by sympathetic activity, stimulation of endothelial NO, K Ca and K V channels, and activation of primary afferents could be an important regulation mechanism for noradrenergic neurotransmission in the rat radial artery. 
